TRANSLATIONJCES 

29 Broadway ♦ Suite 2301 / [Translation from Japanese] 

New York. NY 10006-3279 

Tel. (212) 269-4660 ♦ Fax (212) 26»4662 



(19) Japanese Patent Office (JP) 

(12) Ofncial Gazette for Kokai Patent Applications (A) 

(11) Publication (Kokai) of Unexamined Patent Application No. S62-1 25262/1 987 

(43) Publication Date: June 6, 1987 

(51) Int. CI.'* I.D. Symbol Internal Ref. No. 
F25B 1/00 301 M-7536-3L 

F 04 B 49/00 C-6792-3H 
//F04C 29/08 G-8210-3H 

Examination request status: Not requested 

Number of inventions: 1 (Total 6 pages [in orlg.]) 



(54) Title of Invention Air Conditioning Compressor 

(21) PaLAppln. No. S60-266384/1985 

(22) Filing Date: November 26, 1985 

(72) Inventor Tosliinori Aihara 

c/o Atsugi Motor Parts Co., Ltd., 1370 Onna, Atsugi City 

(72) Inventor Yukio Suto 

c/o Atsugi Motor Parts Co., Ltd., 1370 Onna, Atsugi City 

(71) Applicant Atsugi Motor Parts Co., Ltd. 1370 Onna, Atsugi City 



(74) Agents KiichiroAriga, Patent Attorney 



Specification 

1 . Title of the Invention 

Air Conditioning Compressor 

2. Patent Claim 

An air conditioning compressor, configuring a refrigeration cycle together with an 
evaporator, for compressing, in a compression chamber, and discharging, a fluid which has been 
inducted from an intake port and circulates through the refrigeration cycle, comprising: 
temperature detection means for detecting the temperature of said evaporator or the 
temperature of air blown out from the evaporator; and intake port closure control means for 
controlling said intake port so that it closes with a prescribed ratio per a discretionary unit time 
based on the temperature detected by the temperature detection means; wherein: provision is 
made so that the prescribed ratio in which said intake port is closed based on said temperature is 
varied and said temperature is held in the vicinity of a target value. 

3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to an air conditioning compressor for compressing a fluid 
which circulates through a refrigeration cycle. 

(Prior Art) 

There are, conventionally, air conditioning compressors such as this, an example 
whereof is diagrammed in Fig. 6. This air conditioning compressor 1 , together with an 
evaporator and condenser and the like, configures a refrigeration cycle, and intakes a coolant 
gas (which circulates through the refrigeration cycle) into pump chambers (compression 
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chambers) 4 and 5 from intake ports 2 and 3. The coolant gas taken into the intake port 3 and 
pump chamber 4 is compressed by a plurality of vanes 8 supported, so that they can freely 
protrude, in a plurality of slits 7 in a rotor 6. which turns in the direction of the arrow, is thereafter 
discharged from discharge ports 9 and 10, pushing open discharge valves 11 and 12, and is sent 
to the downstream side of the refrigeration cycle. 

(Problems the Invention Would Resolve) 

However, with such a conventional air conditioning compressor as this, the configuration 
is made so that the discharge capacity is constant (or. even if cut to 1/2 by closing one of the 
intake ports 2 and 3, constant at 1/2). and the discharge capacity cannot be continuously varied. 
For that reason, a lower first set temperature (evaporator freeze prevention temperature) ti and a 
higher second set temperature I2 having a prescribed temperature difference are set, an 
electromagnetic clutch is tumed OFF so as to stop the operation of the air conditioning 
compressor 1 , as indicated in Fig. 7(b), when the temperature either of the evaporator or of air 
blown therefrom drops and reaches the first set temperature U, as Indicated in Fig. 7(a), and the 
electromagnetic clutch is turned ON so as to cause the air conditioning compressor to again 
operate when the temperature has again risen and reached the second set temperature ta. 
When only one set temperature ti is set. the electromagnetic clutch of the air conditioning 
compressor 1 violently repeats the ON-OFF [cycle] with a very short time period, and so-called 
hunting (chattering) occurs. It is in order to prevent that [phenomenon] that the second set 
temperature ta having a prescribed temperature difference is set. Thus, even if hunting is 
prevented, the electromagnetic clutch of the air conditioning compressor 1 will nevertheless 
repeat the ON-OFF [cycle], at prescribed intervals with a period longer than the hunting, 
producing noise or shocks each time, and subjecting vehicle occupants to unpleasant sensations, 
which is a problem. 
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(Means for Resolving the Problems) 

In order to resolve the problems noted above, the present invention is an air conditioning 
compressor, configuring a refrigeration cycle together with an evaporator, for compressing, in a 
compression chamber, and discharging, a fluid which has been inducted from an intake port and 
circulates through the refrigeration cycle, configured so as to comprise temperature detection 
means for detecting the temperature of the evaporator or the temperature of air blown out from 
the evaporator, and intake port closure control means for controlling the intake port so that it 
closes with a prescribed ratio per a discretionary unit time based on the temperature detected by 
the temperature detection means. 

(Operation) 

Based on such an air conditioning compressor, the discharge capacity of the air 
conditioning compressor can be continuously varied by varying the prescribed ratio, per unit time, 
with which the intake port or ports are closed, based on the temperature of the evaporator, or on 
the temperature of air blown from the evaporator, as detected by the temperature detection 
means, and that temperature can be held in the vicinity of a target value. Consequently, it is 
possible to avoid the frequently repeated ON-OFF [cycles] of the electromagnetic clutch of the air 
conditioning compressor that occur conventionally, and to avoid subjecting vehicle occupants to 
unpleasant sensations due to the noise or shocks caused by those ON-OFF [cycles]. 

(Embodiments) 

A first embodiment of an air conditioning compressor based on the present invention 
shall now be described with reference to the drawings. 

In Fig. 1. 20 is an air conditioning compressor, 22 is a condenser [condenser in 
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Japanese] for cooling and liquefying a coolant (the fluid which circulates through the refrigeration 
cycle) such as Freon gas which has been compressed by the air conditioning compressor 20 and 
is at high temperature and high pressure, and 24 is an evaporator [evaporator in Japanese] for 
evaporating the liquefied coolant sent thereto from the condenser 22, capturing heat from the 
surrounding air, and turning [the coolant] into a gas. The coolant gasified by the evaporator 24 
is again taken into the air conditioning compressor 20, the same cooling cycle is repeated, and 
the temperature is lowered as heat continues to be captured from the air in the vehicle interior. 
Item 26 is a temperature sensor (temperature detection means), deployed on the cooled air 
blow-out side of the evajDorator 24, for detecting the temperature of the air blown out from the 
evaporator 24. For this temperature sensor 26, a temperature switch or thermistor thermometer 
or the like is used. The temperature sensor 26 outputs temperature signals to a control unit 28. 
The control unit 28, based on the temperature signals from the temperature sensor 26. outputs 
control signals to on-off valves 30 and 31 , which are solenoid valves or the like, and controls the 
on-off valves 30 and 31 so that intake ports 33 and 34 in the air conditioning compressor 20 are 
closed with a prescribed ratio per a discretionary unit time. The control unit 28 and the on-off 
valves 30 and 31 configure intake port closure control means 35. In the drawings, 36 is a liquid 
tank for separating the gas and liquid of the coolant liquefied by the condenser 22, 38 is an 
expansion valve, and 40 is a motornjriven fan (blower) for sending air from the vehicle interior to 
the evaporator 24. 

The air conditioning compressor 20 as shown in Fig. 2 comprises a cam ring 42 having a 
substantially elliptical cam surface 42a. Inside this cam ring 42. a rotor 44 having substantially 
the same diameter as the short diameter of the cam surface 42a is accommodated so that it can 
turn freely with a turning center that is the center of the long diameter of the cam surface 42a. 
In the rotor 44, a plurality of slits 45 is fomned. deployed in a substantially radial configuration. 
Into these slits 45. multiple vanes 46 are fit so that they can freely protrude. A back pressure 



5 



passageway 47 is formed in the base of each of the slits 45. These back pressure 
passageways 47 communicate with a communicating hole 48 formed in the rotor 44. 
Lubricating oil is supplied through this communicating hole 48 to the back pressure passageways 
47. In the space between the cam ring 42 and the rotor 44, pump chambers 49 and 50 are 
demarcated by adjacent vanes 46. In these pump chambers (compression chambers) 49 and 
50, Freon gas or other coolant is inducted from the intake ports 33 and 34, respectively, and the 
vanes 46 turn, so as to slide against the cam surface 42a due to the centrifugal forces 
accompanying the turning of the rotor 44 and to the pressure (vane back pressure) of the 
lubricating oil in the back pressure passageways 47. Thereby, the coolant is compressed, 
discharged from conresponding discharge ports 51 and 52, pushing open discharge valves 53 
and 54, and sent to the condenser 22 on the downstream side of the refrigeration cycle. 

The operation is now described. The air conditioning compressor 20, by an 
electromagnetic clutch (not shown) tuming ON, causes the rotor 44 to turn and starts the 
operation thereof, and. air is cooled by the circulation of the coolant through the refrigeration 
cycle. More specifically, coolant compressed by the air conditioning compressor 20 is cooled 
and liquefied by the condenser 22, and then, in conjunction with being gasified in the evaporator 
24. captures heat from the air in the vehicle interior and cools the vehicle interior. At this time, 
the temperature sensor 26 detects the temperature of the air blown out from the evaporator 24, 
and outputs a temperature signal conresponding to that temperature to the control unit 28. The 
control unit 28. based on the temperature signal input from the temperature sensor 26. outputs 
control signals to the on-off valves 30 and 31 so as to duty-control the opening and closing 
thereof. As diagrammed in Fig. 3(a), for example, when the temperature of the air blown out 
from the evaporator 24 by the operation of the air conditioning compressor 20 starts to drop and 
reaches the target temperature value t2. the control unit 28 outputs duty signals to the on-off 
valves 30 and 31 so as to close the intake ports 33 and 34 with a prescribed ratio per unit time. 
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As a consequence, the discharge capacity of the air conditioning compressor 20 will gradually 
decrease, as diagrammed in Fig. 3(b), wherefore the temperature of the air that has fallen below 
the target temperature value tj will again rise as time passes and again reach that temperature 
value t2. Thereupon, due to a temperature signal from the temperature sensor 26 which 
detected that the air temperature had again reached tz, the control unit 28 will output duty signals 
to the on-off valves 30 and 31 so that the discharge capacity of the air conditioning compressor 
20 will gradually increase again. When the discharge capacity of the air conditioning 
compressor 20 increases, the air temperature again drops until it reaches the target value tz 
again. By repeating this control cycle, it is possible to continuously vary the discharge capacity 
of the air conditioning compressor 20 with the electromagnetic clutch left ON, and to hold the 
temperature of the air blown out from the evaporator 24 in the vicinity of the prescribed target 
value t2. Hence it is possible to avoid frequently and repeatedly [cycling] the electromagnetic 
clutch of the air conditioning compressor ON and OFF, as conventionally, and to effectively 
prevent vehicle occupants from being subjected to unpleasant sensations due to noise or shocks 
caused by that ON-OFF [cycling]. In Fig. 3(a), moreover, ti is the freeze prevention temperature 
for the evaporator 24. By the control described above, the air temperature can be prevented 
from falling to this temperature tj, 

A second embodiment of the present invention is diagrammed in Fig. 4. In the first 
embodiment, when the air temperature dropped and reached the target value tj. the control unit 
28 output duty signals to the on-off valves 30 and 31 so as to gradually decrease the discharge 
capacity of the air conditioning compressor 20. By contrast therewith, in this second 
embodiment, provision is made so that, as diagrammed in Fig. 4(b), when the air temperature 
has reached the target value tj. the control unit 28 outputs duty signals to the on-off valves 30 
and 31 so that the discharge capacity of the air conditioning compressor 20 is initially reduced 
rapidly by a prescribed amount p, whereafter the discharge capacity is gradually decreased from 
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that point. Then, when the air tennperature again rises and reaches the target value tz. duty 
signals are output to the on-off valves 30 and 31 so that the discharge capacity of the air 
conditioning compressor 20 this tinae is initially increased rapidly by the prescribed amount p. 
By repeatedly conducting such a control cycle, rises or declines in the air temperature can be 
conrected more quickly than with the first embodiment, and the air temperature can be held in 
closer proximity to the target value tj than with the first embodiment. Such an embodiment as 
this second embodiment is thought to be preferred over the first embodiment when the air 
temperature prior to cooling is high as in the midsummer season. 

In Fig. 5, a third embodiment of the present invention is represented. In the first 
embodiment, when the air temperature drops and reaches a target value tz, the control unit 28 
outputs duty signals to the on-off valves 30 and 31 unifomily so that the discharge capacity of the 
air conditioning compressor 20 gradually decreases, and the control state Is not altered until the 
air temperature again rises and reaches ta, wherefore, even if the control state is continued so 
that the discharge capacity of the air conditioning compressor 20 gradually decreases, if the air 
temperature does not transition to a rise, no means whatever are brought to bear. For that 
reason, there is a danger that the air temperature will drop all the way to the freeze prevention 
temperature ti for the evaporator 24 so that the evaporator 24 freezes. In contrast therewith, In 
this third embodiment, provision is made so that, when the air temperature declines and reaches 
the target value tz, the control unit 28 outputs duty signals to the on-off valves 30 and 31 so that 
the discharge capacity of the air conditioning compressor 20 will gradually decrease, but, when 
the air temperature continues to fall and reaches the freeze prevention temperature tu as 
indicated by the solid line in Fig. 5(a), even when such a control state is continued, the control 
unit 28 outputs duty signals to the on-off valves 30 and 31 so that the discharge capacity of the 
air conditioning compressor 20 rapidly decreases by a prescribed amount s, and so that, 
thereafter, the discharge capacity of the air conditioning compressor 20 gradually decreases until 
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the air temperature again rises to the target value ts. Then, when the air temperature has 
exceeded the target value tz, duty signals are output to the on-off valves 30 and 31 so that the 
discharge capacity is rapidly decreased by a prescribed amount r. and so that, after returning to a 
control state like that in the first embodiment, the discharge capacity is gradually increased. 
Such an embodiment as this third embodiment is thought to be prefenred over the first 
embodiment when the temperature of the air prior to cooling is low, as when the season is early 
spring, or when the air temperature [trend] will not transition to a rise even when the discharge 
capacity is slightly decreased. The broken line in Fig. 5 represents temperature changes in the 
first embodiment to facilitate comparison with this third embodiment. 

In the embodiments presented in the foregoing, cases are described wherein the 
temperature sensor 26 detects the temperature of air blown out from the evaporator 24, but the 
same effectiveness can be obtained by providing instead that the temperature sensor 26 detect 
the temperature of the evaporator 24 itself. 

(Advantages of the Invention) 

Based on the present invention as described in the foregoing, the temperature of the 
evaporator or of air blown out from the evaporator is held in the vicinity of a target value by 
varying the time ratio that the intake port of a compressor is closed based on that temperature, 
wherefore it is possible to avoid frequently repeating the ON and OFF [cycling] of the 
electromagnetic clutch of an air conditioning compressor as occurs conventionally, and to 
effectively prevent the subjecting of passengers to unpleasant sensations due to noise or shocks 
resulting from that ON and OFF [cycling]. Based on the first embodiment, moreover, by holding 
the temperature in the vicinity of a target value, the temperature can be prevented from falling to 
the freeze prevention temperature. Based on the second embodiment, furthenmore, correcting 
for temperature rises or declines can be done more rapidly than with the first embodiment, and 



9 



[the second embodiment] is superior to the first embodiment when the season is midsummer. 
Based on the third embodiment, moreover, when the temperature of the air prior to cooling is low. 
as when the season is early spring, or when the air temperature does not transition to a rise even 
when the discharge capacity is slightly decreased, [this third embodiment] is superior to the first 
embodiment. 

4. Brief Description of the Drawings 

Figs. 1 to, 3 are diagrams representing a first embodiment of an air conditioning 
compressor based on the present invention, with Fig. 1 being a diagram of an overall 
refrigeration cycle containing that air conditioning compressor. Fig. 2 being a section of that air 
conditioning compressor, Fig. 3(a) being a relational diagram representing temperature changes 
induced by that air conditioning compressor over time, and Fig. 3(b) being a relational diagram 
representing changes in the discharge capacity of that air conditioning compressor over time; Fig. 
4 is a diagram representing a second embodiment of the present invention, with Fig. 4(a) being a 
relational diagram representing temperature changes induced by that air conditioning 
compressor over time, and Fig. 4(b) being a relational diagram representing changes in the 
discharge capacity of that air conditioning compressor over time; Fig. 5 is a diagram representing 
a second embodiment of the present invention, with Fig. 5(a) being a relational diagram 
representing temperature changes induced by that air conditioning compressor over time, and 
Fig. 5(b) being a relational diagram representing changes in tiie discharge capacity of that air 
conditioning compressor over time; and Figs. 6 and 7 are diagrams representing a conventional 
air conditioning compressor, with Fig. 6 being a section of that air conditioning compressor, Fig. 7 
being a relational diagram representing temperature changes induced by that air conditioning ; 
compressor over time, and Fig. 7(b) being a time chart representing ON and OFF changes in a 
electromagnetic clutch of that air conditioning compressor. 
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[Keys to text in Figs. 1-7] 
Flg.1 

20: air conditioning compressor 

24: evaporator (evaporator [native Japanese]) 

26: tennperature sensor (temperature sensing means) 

33, 34: intake ports 

35: ' intake port closure control means 



Fig. 2 

49, 50: pump chambers (compression chambers) 



Fig. 3 
(a) 

[vertical axis] Temperature 

[horizontal axis] Time 

[with arrow to curve] Temperature change 

(b) 

[vertical axis] Discharge capacity 



Figs. 4 & 5 [Same captions as Fig, 3\ 
Fig. 7 

[vertical axis] Temperature 
[horizontal axis] Time 
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